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COMPLIANT ELECTRODE FOR PATENT 
FORAMEN OVALE CLOSURE DEVICE 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

This application claims bene?ts from US. Provisional 
Patent Application, Ser. No. 60/720,913 ?led on Sep. 26, 
2005 entitled, COMPLIANT ELECTRODE FOR PFO CLO 
SURE DEVICE, the contents of Which are hereby incorpo 
rated herein by reference. 

BACKGROUND OF THE INVENTION 

1. The Field of the Invention 
The present invention relates generally to implanting medi 

cal devices Within a patient. More particularly, the present 
invention relates to the ?eld of patent foramen ovale (“PFO”) 
closure devices. 

2. The Relevant Technology 
FIGS. 1A-1C depict various vieWs ofa heart. Heart 10 is 

shoWn in a cross-section vieW in FIG. 1A. In a normal heart, 
the right atrium 30 receives systemic venous blood from the 
superior vena cava 15 and the inferior vena cava 25 and then 
delivers the blood via the tricuspid valve 35 to the right 
ventricle 60. HoWever, in heart 10, there is a septal defect 
betWeen right atrium 30 and left atrium 40 of a patient’ s heart 
Which is referred to as a patent foramen ovale (“PFO”). PFO 
is a birth defect that occurs When an opening betWeen the 
upper tWo chambers of the heart fail to close after birth to a 
lesser or greater degree. This birth defect is sometimes also 
known as a “hole in the heart.” 

Other problems With this condition are that a blood clot 
may travel freely betWeen the left or right atria of the heart, 
and end up on the arterial side. This could alloW the clot to 
travel to the brain, or other organs, and cause emboliZation, or 
even a heart attack. These and other similar defects (septal or 
otherwise), Where some tissue needs to be closed to function 
properly include the general categories of atrial septal defects 
(“ASDs”), ventricular septal defects (“VSCs”) and patent 
ductus arterosus (“PDA”), and so forth. 

The PFO, Which is an open ?ap on the septum betWeen the 
heart’s right and left atria, is generally identi?ed at 50. In a 
normal heart, left atrium 40 receives oxygenated blood from 
the lungs via pulmonary arteries 75 and then delivers the 
blood to the left ventricle 80 via the bicuspid valve 45. HoW 
ever, in heart 10 some systemic venous blood also passes from 
right atrium 30 through PFO 50, mixes With the oxygenated 
blood in left atrium 40 and then is routed to the body from left 
ventricle 80 via aorta 85. 

During fetal development of the heart, the interventricular 
septum 70 divides right ventricle 60 and left ventricle 80. In 
contrast, the atrium is only partially partitioned into right and 
left chambers during normal fetal development as there is a 
foramen ovale. When the septum primum 52 incompletely 
fuses With the septum secundum 54 of the atrial Wall, the 
result is a PFO, such as the PFO 50 shoWn in FIGS. 1A-1C, or 
an atrial septal defect referred to as an ASD. 

FIG. 1C provides a vieW of the crescent-shaped, overhang 
ing con?guration of the typical septum secundum 54 from 
Within right atrium 30. Septum secundum 54 is de?ned by its 
inferior aspect 55, corresponding With the solid line in FIG. 
1C, and its superior aspect 53, Which is its attachment location 
to septum primum 52 as represented by the phantom line. 
Septum secundum 54 and septum primum 52 blend together 
at the ends of septum secundum 54; these anterior and pos 
terior ends are referred to herein as “merger points” and are 
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2 
respectively identi?ed at 5611 and 56p. The length of the 
overhang of septum secundum 54, the distance betWeen supe 
rior aspect 53 and inferior aspect 55, increases toWards the 
center portion of the septum secundum 54 as shoWn. 
A tunnel 58 is de?ned by portions of septum primum 52 

and septum secundum 54 betWeen the merger points 56a and 
56p Which have failed to fuse. The tunnel 58 is often at the 
apex of the septum secundum 54 as shoWn. When vieWed 
Within right atrium 30, the portion of septum secundum 54 to 
the left of tunnel 58, Which is referred to herein as the poste 
riorportion 57p of the septum secundum 54, is longer than the 
portion of the septum secundum 54 to the right of tunnel 58, 
Which is referred to herein as the anterior portion 57a of the 
septum secundum 54. In addition to being typically longer, 
the left portion also typically has a more gradual taper than the 
right portion, as shoWn. The area de?ned by the overhang of 
the anterior portion 57a of septum secundum 54 and the 
septum primum 52 and extending from the anterior merger 
point 56a toWard tunnel 58 is an anterior pocket 59a. Simi 
larly, the area de?ned by the overhang of the posterior portion 
57p of septum secundum 54 and the septum primum 52 and 
extending from the posterior merger point 56p toWard tunnel 
58 is a posterior pocket 59p. 

Conventional treatments for PFO (and related conditions), 
have generally involved invasive surgery, Which presents a 
different, neW set of risks to a patient. Although there are 
some less invasive treatments for PFO, these have typically 
been less e?icient at closing the PFO opening than techniques 
involving invasive surgery. Accordingly, there is a continuing 
need for improved methods and devices for closing the PFO 
opening. In particular, there is a need for improved methods 
and devices for deploying PFO closure anchors in a patient. 

BRIEF DESCRIPTION OF THE DRAWINGS 

To further clarify the above and other advantages and fea 
tures of the present invention, a more particular description of 
the invention Will be rendered by reference to speci?c 
embodiments thereof Which are illustrated in the appended 
draWings. It is appreciated that these draWings depict only 
typical embodiments of the invention and are therefore not to 
be considered limiting of its scope. The invention Will be 
described and explained With additional speci?city and detail 
through the use of the accompanying draWings in Which: 

FIG. 1A is a cross-sectional vieW ofa heart; 
FIG. 1B is an enlarged cross-section vieW of septum pri 

mum and the septum secundum and a PFO tunnel betWeen the 
septum primum and the septum secundum; 

FIG. 1C is a perspective vieW of the septum secundum With 
the tunnel and the septum primum shoWn in phantom; 

FIG. 2 is a perspective vieW of an electrode according to 
one con?guration of the present invention; 

FIG. 3 is a top vieW of the electrode of FIG. 2; 
FIG. 4A is a side vieW of the electrode of FIG. 2 as the 

electrode is being deployed; 
FIG. 4B is a side vieW of the electrode of FIG. 2 as the 

electrode is further deployed; 
FIG. 4C is a side vieW of the electrode of FIG. 2 as the 

electrode is substantially deployed to a trained orientation; 
FIG. 5A is a cross-sectional vieW of the electrode of FIG. 2 

in an internal tissue opening; 
FIG. 5B is a perspective vieW illustrating the electrode in 

the left atrium; 
FIG. 6 is a bottom vieW of an alternative embodiment of an 

electrode according to the present invention; 
FIG. 7 is a bottom vieW of an alternative embodiment of an 

electrode according to the present invention; 
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FIG. 8 is a bottom vieW of an alternative embodiment of an 
electrode according to the present invention; 

FIG. 9A is a bottom vieW of an alternative embodiment of 
an electrode according to the present invention; and 

FIG. 9B is a bottom vieW of the electrode of FIG. 9B. 

BRIEF SUMMARY OF THE DISCLOSURE 

The invention relates to a medical device for reducing the 
siZe of an internal tissue opening utilizing energy, such as 
radio frequency energy. In one embodiment, the medical 
device can include a left electrode having a plurality of arms 
trained to a predetermined orientation. The arms can transi 
tion from a constrained orientation to a relaxed orientation, 
i.e., predetermined orientation, during deployment and/ or use 
of the medical device. The ?exibility of the arms and resultant 
increased surface contact of the electrode With the tissue 
adjacent to, around, and/or associated With the PFO can 
increase the effectiveness of a “tissue Weld” as energy is 
applied betWeen the left electrode positioned against a left 
atrial Wall of a heart and a right electrode positioned against 
the right atrial Wall of the heart. 

In one embodiment, the arms can include a shape memory 
material, such as NITINOL, such that the arms can be 
deformed and Will thereafter return to their predetermined, 
trained, or relaxed orientation. As such, the arms can be 
con?gured to be received back into a delivery shaft after the 
“tissue Weld” and the delivery shaft can be removed from the 
opening. In this manner, the left electrode can be removed 
from the left atrium of the heart With minimal disturbance of 
the tissue Weld. 

The arms can be con?gured so as to provide coverage of a 
portion of the tissue Wall proximate to the internal tissue 
opening, such as, but not limited to, a PFO. For example, the 
arms can be con?gured to be compliant and exhibit a nonlin 
ear force versus de?ection characteristic. The nonlinear force 
versus de?ection characteristic is such that as the plurality of 
arms become substantially coplanar, the stiffness of the elec 
trode increases through the inter-contacting of the plurality of 
arms. As the stiffness of the electrode increases, the likeli 
hood that the plurality of arms Will pull through an internal 
tissue opening is reduced. In this manner, the proportion of 
arm that is in contact With the tissue proximate to the opening 
is increased. 

Various features can be implemented to facilitate place 
ment of the left electrode against the atrial Wall of the left 
atrium. For example, the arms can include a ball portion at the 
distal tip of each of the arms to reduce the likelihood of the 
arms inadvertently puncturing the heart. Also, the arms can 
include a hook positioned in the distal ends of each of the 
arms to engage a loop portion of a different arm. 

These and other objects and features of the present inven 
tion Will become more fully apparent from the folloWing 
description and appended claims, or may be learned by the 
practice of the invention as set forth hereinafter. 

DETAILED DESCRIPTION OF THE INVENTION 

The present invention extends to systems, methods, and 
apparatus for a device that is suitable for reducing the siZe of 
an internal tissue opening. By Way of explanation, the devices 
disclosed herein can be used for any internal tissue opening, 
although frequent reference is made herein to closing a PFO 
opening of a heart tissue using a right atrial anchor and a left 
atrial anchor for purposes of simplicity. Accordingly, it Will 
be understood that references to PFO openings are not limit 
ing of the invention. 
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4 
In the folloWing description, numerous speci?c details are 

set forth in order to provide a thorough understanding of the 
present invention. It Will be obvious, hoWever, to one skilled 
in the art that the present invention may be practiced Without 
these speci?c details. In other instances, Well-knoWn aspects 
of PFO closure devices or medical devices in general have not 
been described in particular detail in order to avoid unneces 
sarily obscuring the present invention. In addition, it is under 
stood that the draWings are diagrammatic and schematic rep 
resentations of certain embodiments of the invention, and are 
not limiting of the present invention nor are they necessarily 
draWn to scale. 

Illustrative embodiments of the invention relate to deliver 
ing radio frequency or RF energy to the septal Wall of the heart 
to treat a defect knoWn as a patent foramen ovale (PFO). In 
order to treat this type of defect it is desirable to have an 
electrode system that holds the Walls of the ?ap-like defect 
together While energy is applied to “Weld” the defect closed, 
i.e. damage the tissue to stimulate tissue groWth in the area. 

In one embodiment, the medical device can include an 
electrode con?gured to increase the effectiveness of the tissue 
Weld. The effectiveness of the tissue Weld can be increased by 
con?guring the electrode to contact, and in some instances 
conform With, the tissue of the atrium proximate the opening 
of the PFO. Furthermore, the electrode can be con?gured to 
be collapsible to a small cross section to remove the electrode 
from the Welded tissue opening Without substantially inter 
fering With the neW Weld. 

In one embodiment, the electrode can include a plurality of 
arms trained to a predetermined orientation. The plurality of 
arms can include a shape memory material, such as NITI 
NOL, Which can be trained to orient themselves in a prede 
termined shape. The plurality of arms can be con?gured to be 
straightened as they are received into a delivery shaft, and 
then assume their predetermined shape as they are extended 
from the delivery shaft. Stated another Way, the arms can be 
set With a relaxed orientation that is desirable for tissue con 
tact or conformance; the arms being biased to return to the 
relaxed orientation When the arms are in the constrained 
orientation Within the delivery shaft. 
As such, as used herein, relaxed orientation refers to the 

predetermined or trained shape of the material; constrained 
orientation refers to an orientation other than the relaxed 
orientation, such as, for example, When an arm is forced into 
a shape different than the shape of the relaxed orientation. For 
example, the arms can be trained to include one or more 
curves or the arms can be trained to be substantially straight. 
Furthermore, the arms can be trained to have multiple relaxed 
orientations, Wherein the relaxed orientations are dependent 
upon a characteristic, such as temperature. In this example, 
certain temperature ranges can correspond to a speci?c 
relaxed orientation. Another example can include the arms 
having a substantially straight relaxed orientation during a 
?rst temperature range and having a curved relaxed orienta 
tion, such as illustrated in any of FIGS. 2 and 6-9A, during a 
second temperature range. Also, it Will be appreciated that the 
entire arm can be trained, or a portion or multiple portions of 
the arm can be trained. 
The plurality of arms can be con?gured so as to provide 

coverage of a portion of the arterial Wall proximate to the 
internal tissue opening, such as a PFO. For example, the 
plurality of arms can be con?gured With a nonlinear force 
versus de?ection characteristic. The nonlinear force versus 
de?ection characteristic results in increased stiffness of the 
electrode as the plurality of arms become substantially copla 
nar. As the stiffness of the electrode increases due to the 
inter-connection of the plurality of arms, the likelihood that 
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the plurality of arms Will pull through an internal tissue open 
ing is reduced. In this manner, a practitioner can apply pres 
sure to the electrode thus resulting is the plurality of arms 
being positioned against the opening of the PFO. In a similar 
manner, the plurality of arms can be con?gured to be com 
pliant. The compliancy of the plurality of arms can increase 
the density of the plurality of arms in the proximity of the 
internal tissue opening. 

The plurality of arms can include various other features to 
facilitate placement of the electrode against the arterial Wall 
of the atrium. For example, the plurality of arms can include 
a ball portion at the distal tip of the plurality of arms. The ball 
portion can be con?gured to reduce the likelihood of the 
plurality of arms inadvertently puncturing the tissue of the 
arterial Wall. 

With reference noW to the illustrated embodiments, FIG. 2 
is a perspective vieW of a deployed electrode 100 in a relaxed 
orientation. The folloWing discussion is made With respect to 
a left electrode that can be disposed in the left atrium 40 of the 
heart 10 (FIG. 1). It Will be understood, hoWever, that the 
features and functions of the electrode can also be adapted for 
a right electrode positionable Within the right atrium 30 (FIG. 
1) or in any other lumen of the patient. 

In the illustrated embodiment, electrode 100 includes one 
or more arms 102 extending radially from an axial tubular 
housing 106. Arms 102 can extend radially from housing 106 
due to arms 102 being trained to have the illustrated relaxed 
orientation. For example, in the illustrated embodiment, arms 
102 can be trained to extend radially from housing 106 and 
then curve back around so as to form a bulb shape With an 
optionally partially ?attened bottom as shoWn in FIG. 2A. 

Housing 106 can be con?gured to secure proximal ends of 
arms 102 together such that movement of housing 106 can 
result in movement of arms 102. Alternatively, housing 106 
can be con?gured so as to enable arms 102 to move through 
housing 106 such that arms 102 can move relative to housing 
106. Furthermore, housing 106 can be con?gured such that 
those portions of respective arms 102 Which extend out from 
housing 106 are trained portions of arms 102; hoWever, hous 
ing 106 can be con?gured to house both trained and/or non 
trained portions of arms 102. Housing 106 can be con?gured 
to facilitate deployment of electrode 100, as Will be discussed 
more fully herein. 

In one embodiment, electrode 100 can include from 4 to 10 
arms made of a Shape Memory Material (SMM), such as 
superelastic NITINOL. NITINOL is a nickel titanium alloy 
that belongs to a class of materials called Shape Memory 
Alloys (SMA), Which in turn belongs to the broader class of 
SMM. SMMs have a shape memory effect in Which they can 
be made to remember a particular shape. Once the material 
has been made to remember a particular shape, i.e. set or 
trained, the material can be bent out of shape and then upon 
unloading from strain or heating the material Will return to its 
set, relaxed or trained orientation. While various methods of 
setting or training a material are knoWn, one Way in Which 
material can be trained is through a heating process. In one 
embodiment, arms 150, Which comprise NITINOL materials, 
can be trained to remember a certain shape, can then be 
straightened, for example in a shaft, catheter or other tube, 
and then released from the catheter or tube to return to the 
trained shape. Other SMM’s can include a magnetic shape 
memory alloy Which can change their shape in response to a 
change in a magnetic ?eld. Furthermore, the SMM can be a 
shape memory polymer, such as a “smart plastic” Which can 
hold different shapes at different temperatures. 
Arms 102 can be Wrapped, coated, or ?lled With a biocom 

patible radiopaque material such as platinum to enhance the 
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6 
visibility of the device under ?uoroscopy. Furthermore, arms 
102 can include marker bands attached thereto to enhance 
visibility under ?uoroscopy. The distal ends of the arms 102 
may have a ball formed at the tip to reduce the possibility of 
an arm inadvertently perforating the heart. An example of a 
ball 224 is shoWn With respect to arm 220 ofFIG. 9B. Ball 224 
can also be con?gured to provide enhanced visibility under 
?uoroscopy. 

With reference noW to FIG. 3, arms 102 can include a hook 
104 at the distal end of respective arms 102. Hooks 104 can be 
con?gured to engage one or more different arms 102 so as to 

inter-connect arms 102. Furthermore, the relaxed orientation 
of arms 102 can be such that hooks 104 are positioned under 
the loop portion so as to inter-connect arms 102 together as 
the arms 102 become coplanar. Inter-connecting of arms 102 
together in this manner can increase the nonlinear de?ection 
characteristic of the arms 102 and/or the electrode 100. 

FIGS. 4A to 4C illustrate deployment of electrode 100. 
With respect to FIG. 4A, a delivery shaft 152, such as a left 
anchor delivery shaft, is illustrated having arms 102 of elec 
trode 100 extending out therefrom. As shoWn in the illustra 
tion, arms can be positioned Within left anchor delivery shaft 
152 in a substantially straightened manner. As arms 102 are 
advanced out of left anchor delivery shaft 152, arms 102 can 
then begin to return to their relaxed orientation, for example, 
such as the basket-like shape as illustrated in FIG. 4C. As Will 
be appreciated by one of ordinary skill in the art, because arms 
102 are substantially straightened relative to the relaxed ori 
entation as illustrated in FIG. 4C Within left anchor delivery 
shaft 152, electrode 100 can be delivered and/or deployed 
through a small hole relative to the siZe of the deployed 
orientation of electrode 100. 

It Will be understood by one of ordinary skill in the art in 
vieW of the disclosure provided herein that arms 102 can have 
multiple relaxed orientations. For example, in an alternative 
embodiment, arms 102 can have a substantially straight ?rst 
relaxed orientation and a curved second relaxed orientation, 
Wherein respective relaxed orientations are dependent upon a 
characteristic, such as temperature. It may be desirable to 
have arms 102 be in a ?rst relaxed orientation While being 
inserted into a atrium of a patient and thereafter be changed to 
the second relaxed orientation for positioning against the Wall 
of the atrium. 

Electrode 100 can be advanced out of delivery shaft 152 by 
a variety of means or manners. For example, in one embodi 
ment, the proximal end of housing 106 can be received in the 
distal end of delivery shaft 152. Housing 106 can then be 
moved through delivery shaft 152 until the proximal end of 
housing 106 extends from the proximal end of delivery shaft 
152 and arms 102 are received Within delivery shaft 152. At 
this point, housing 106 can be moved distally With respect to 
delivery shaft 152, thus causing arms 102 to extend from or 
deploy from delivery shaft 152. Alternatively, arms 102 can 
extend through delivery shaft 152 and extend out from the 
proximal end of delivery shaft 152. In this embodiment, the 
proximal ends of arms 102 can be coupled together so as to 
maintain the overall shape of electrode 100 as formed by arms 
102. The coupled ends of arms 102 canbe moved distally With 
respect to delivery shaft 152 to deploy the trained portions of 
arms 102. 

Arms 102 can be positioned Within housing 106 and/or 
delivery shaft 152 in a manner that enables housing 106 
and/or delivery shaft 152 to have a reduced diameter. For 
example, arms 102 can be con?gured so as to ?t in housing 
106 and/or delivery shaft 152 in an organiZed manner, or in 
other Words substantially reduce overlapping of arms 102. In 
this manner, the diameter of housing 1 06 and/ or delivery shaft 
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152 can be reduced. As Will be appreciated by one of ordinary 
skill in the art in vieW of the disclosure provided herein, the 
diameter of housing 106 and/or delivery shaft 152 can corre 
spond With the siZe of the remaining tissue opening after the 
tissue Weld. Accordingly, a smaller diameter of housing 106 
and/ or delivery shaft 152 can result in a smaller resulting 
opening after the tissue Weld. 

FIG. 5A illustrates an example device 300 utiliZing an 
electrode in accordance With the present invention. Further 
more, FIGS. 5A and 5B illustrate the positioning of an elec 
trode in the left atrium of a patient. In the illustrated embodi 
ment, device 300 can include a left electrode 314, a right 
electrode 311 and a delivery sheath 302 con?gured to facili 
tate positioning of left and right electrodes 314, 311. Ele 
ments associated With left electrode 314 can include a plural 
ity of shape memory arms 316, a delivery shaft 310 
con?gured to house at least a portion of arms 316, a left 
electrode delivery tube 306 con?gured to receive delivery 
shaft 310 therein, Wherein delivery shaft 310 can translate 
and/ or rotate therein, and insulation 308 on the outer surface 
of left electrode delivery tube 306. 

Elements associated With right electrode 311 can include a 
plurality of shape memory arms 312 and a right electrode 
catheter 304. In the illustrated embodiment, arms 312 can be 
coupled to right electrode catheter 304. Furthermore, right 
electrode catheter 304 can receive left electrode delivery tube 
306 therein such that left electrode delivery tube 306 can 
translate and/ or rotate in right electrode catheter 304. 

For simplicity of discussion, only tWo arms 316 of left 
electrode 314 and tWo arms 312 of right electrode 311 are 
illustrated. HoWever, it Will be appreciated by one of ordinary 
skill in the art in vieW of the disclosure provided herein that 
left and right electrode can include more than tWo arms. 
As shoWn in the illustrated embodiment, various elements 

associated With left electrode 314 can be inserted through the 
opening of the PFO. For example, delivery shaft 310 and left 
electrode delivery tube 306 Which can enclose at least a por 
tion of left anchor delivery shaft 310, can be received Within 
an opening of the PFO. An approach for transcatheter treat 
ment of a PFO is through the femoral vein and the inferior 
venacava into the right atrium of the heart. As such, it Will be 
advantageous for the member or electrode that passes through 
the PFO into the left atrium to have a loW crossing pro?le thus 
requiring only a small hole to WithdraW the device through 
after the energy delivery and/or “tissue Welding” have been 
accomplished. 

In the illustration, delivery sheath 3 02 can be outside a right 
electrode catheter 304. When right electrode catheter 304 is 
extended from delivery sheath 302, right electrode 3 1 1 can be 
deployed such that arms 3 12 can extend. When right electrode 
catheter 304 is WithdraWn into delivery sheath 302, arms 312 
can collapse and enter the right electrode catheter 304. 

Left electrode delivery tube 306 can be inside the right 
electrode catheter 304 and can have insulation 308 in its 
exterior surface to electrically insulate betWeen the right elec 
trode catheter 304 and the conductive left electrode delivery 
tube 306 and the conductive delivery shaft 310. Alternatively, 
insulation can be positioned on the interior surface of left 
electrode delivery tube 306 or can be positioned on the exte 
rior surface of delivery shaft 310. Furthermore, insulation can 
be positioned on the interior and exterior surface of left elec 
trode delivery tube 306 and the exterior surface of delivery 
shaft 310, or any combination thereof. 

Delivery shaft 310 can have various shapes, but can be 
tubular at the distal opening so that left electrode 314 opens 
radially When deployed. When left electrode 314 is extended 
from delivery shaft 310, the arms 316 of left electrode 314 can 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

8 
assume their trained or predetermined orientation. When left 
electrode 314 is WithdraWn into delivery shaft 310, arms 316 
return to a straightened orientation. In this manner, left elec 
trode 314 can have an increased surface area outside delivery 
shaft 310 than Would otherWise be possible to insert in a 
patient. In other Words, left electrode 314 of the present 
invention can be pushed out of and pulled back into a tube 
With a diameter of about 1 mm, for example, and yet expand 
to a diameter of about 20 mm, for example, and have enough 
strength to hold the atrial Walls together during energy deliv 
ery and strongly resist pulling through the PFO. 

With arms 312 of right electrode 311 and arms 316 of left 
electrode 314 being positioned in this manner, energy can be 
applied to the tissue Which is betWeen arms 312 and arms 316. 
The application of energy in this manner can cause tissue 
damage. Causing tissue damage in this manner can initiate 
tissue regroWth so as to Weld the tissue together. After such 
treatment, delivery shaft 310 can be advanced back through 
the small remaining hole in the PFO and left electrode 3 14 can 
be pulled into delivery shaft 310 and left anchor delivery shaft 
310 WithdraWn Without substantially disturbing the Weak 
“tissue Weld” that has been created by the procedure. 

FIG. 5B illustrates the positioning of electrode 314 against 
the left atrial Wall of the heart. As shoWn in the illustrated 
embodiment, electrode 314 is someWhat ?attened against the 
tissue of the heart proximate the opening 58. In this manner, 
a portion of arms 316 can contact a portion of septum primum 
52 and septum secundum 54. As a bottom surface, such as the 
surface depicted With reference to 108, is pressed against 
tissue, arms 316 can be con?gured to collapse so as to form a 
surface area pattern, such as illustrated in FIG. 5B. More 
particularly, in one embodiment, Withdrawing delivery shaft 
310 and arms 316 together can result in arms 316 contacting 
the underlying tissue. Contact of arms 316 With the underly 
ing tissue can result in the curved portion of arms 316 to 
?atten. As arms 316 ?atten, the contact area betWeen arms 
316 and the underlying surface can be increased. The 
increased contact area can facilitate the application of energy 
to the underlying tissue to thereby stimulate tissue regroWth. 

FIG. 6 is a bottom vieW of electrode 100 illustrating the 
pattern arms 102 may form as arms 102 are ?attened by being 
positioned against tissue. As shoWn in the illustrated embodi 
ment, hooks 104 are positioned under loop portions of arms 
102. As Will be appreciated by one of ordinary skill in the art 
in vieW of the disclosure provided herein, a variety of types 
and con?gurations of electrodes can be utiliZed Without 
departing from the spirit and scope of the invention. For 
example, FIG. 7 is a bottom vieW of an alternative embodi 
ment of an electrode having arms 200. In this embodiment, an 
inWard curve 202 may be utiliZed. The inWard curve 202 may 
be positioned at the distal ends of arms 200. In this manner, 
arms 200 may obtain a denser electrode pattern nearer the 
center of the device. FIG. 8 illustrates yet another embodi 
ment of an electrode having arms 210, Wherein arms 210 can 
extend radially. 

It Will be understood by one of ordinary skill in the art in 
vieW of the disclosure provided herein that While certain 
embodiments of invention include seven arms, the number of 
arms can be modi?ed Without departing from the spirit and 
scope of the invention. For example, in one embodiment, 
electrode includes 10 arms. Alternatively, electrode includes 
5 arms. LikeWise, the pattern of arm can be modi?ed Without 
departing from the invention. 

FIG. 9A illustrates another example of an arm 220 con 
?guration in a left electrode. In this embodiment, the arms 
220 can have a predetermined orientation such that arms 220 
extend from a delivery shaft 222, curve around and then 
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extend toward and then cross a central axis of the delivery 
shaft 222. In this manner, extension of the arms 220 can be 
restrained by delivery shaft 222. FIG. 9B is presented to more 
clearly illustrate this point With only a single arm 220 
depicted to shoW hoW arm 220 crosses central axis of delivery 
shaft 222, such that delivery shaft 222 can constrain arm 220. 
Furthermore, FIG. 9B illustrates ball 224 being positioned at 
a distal end of arm 220, it being understood that ball 224 can 
be implemented into any electrode design disclosed herein. 
As illustrated in the ?gures, embodiments of the invention 

can utiliZe larger radius curves in the arms With respect to the 
delivery shaft. Utilization of a larger radius curve can result in 
loWer stresses and better fatigue characteristics as Well as 
reduced forces required to pull the electrode into a catheter, 
delivery shaft or housing. 
By Way of example, a device With 7, 0.008" diameter NiTi 

arms Wrapped With 0.00l><0.003 platinum ribbon can be 
delivered through a tube With a bore of 0.0.037", Which is 
slightly less than 1 mm or 3 French. 
One advantage of the invention is that the device can be 

compliant. The compliancy of the electrode can result in a 
more even pressure distribution over a potentially irregular 
surface, such as With the atrial Wall at the entrance to the PFO. 
Furthermore, the compliancy of the electrode can result in the 
application of substantially even pressure to the atrial Wall 
When the electrode is tilted at an angle to the Wall. 

The compliance of the electrode has a nonlinear force 
versus de?ection characteristic Which can result in the arms 
becoming stiff as the arms of the electrode become coplanar. 
This can provide to the user a tactile feel that the device is 
engaged against the atrial tissue. Furthermore, the compli 
ancy of the electrode can reduce the likelihood of the elec 
trode inadvertently being pulled through the PFO during use. 

The present invention may be embodied in other speci?c 
forms Without departing from its spirit or essential character 
istics. The described embodiments are to be considered in all 
respects only as illustrative and not restrictive. Exemplary 
claims have been included herein to illustrate embodiments of 
the invention. Although exemplary claims are presented, the 
invention is not limited to these claims, and the applicant 
reserves the right to present different or other claims in the 
future in vieW of the embodiments of the invention described 
herein. 

What is claimed is: 
1. A PFO closure device, comprising: 
a left electrode comprising a plurality of conductive Wires 

formed of a shape memory material, Wherein: 
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the Wires having a trained portion, the trained portion 

having a relaxed orientation; 
the trained portion of the Wires are con?gured to be 

restrained Within a left anchor delivery shaft in a 
straight orientation for delivery into a patient, but 
thereafter can return to the relaxed orientation after 
free ends of the Wires extend from the delivery shaft; 
and 

upon being deployed into a left atrium of a patient and 
thereby becoming unrestrained from the delivery 
shaft, the Wires assume their relaxed orientation 
Wherein each Wire engages at least one adjacent Wire 
such that the Wires are interconnected, and Wherein 
the relaxed orientation is such that the Wires extend 
outWard aWay from a central axis of the delivery shaft, 
curve back around toWard the central axis of the deliv 
ery shaft and then cross over and extend beyond the 
central axis of the delivery shaft; 

a left electrode delivery tube in electrical communica 
tion on an inner surface With the delivery shaft; and 

a right electrode catheter encompassing the left electrode 
delivery tube, the right electrode catheter being in com 
munication With a right electrode such that current can 
be applied across tissue separating the left electrode and 
the right electrode, thereby damaging the tissue and 
generating tissue regroWth. 

2. A device as recited in claim 1, Wherein the Wires are 
con?gured such that applying a retracting force to the Wires 
With respect to the left anchor delivery shaft Will retract the 
trained portion of the Wires into the left anchor delivery shaft. 

3. A device as recited in claim 1, Wherein the trained 
portion is con?gured such that retracting the Wires and left 
anchor delivery shaft With respect to the tissue de?ning the 
PFO opening causes the trained portion of the Wires to ?atten 
against the tissue. 
4.A device as recited in claim 1, Wherein the right electrode 

includes another plurality of Wires. 
5. A device as recited in claim 1, further comprising elec 

trical insulation positioned on an outer surface of the left 
electrode delivery tube. 

6. A device as recited in claim 1, further comprising a 
delivery sheath enclosing at least a portion of the right elec 
trode catheter. 

7. A device as recited in claim 1, Wherein the trained 
portion has a second relaxed orientation different than the ?rst 
relaxed orientation. 


